Commensal bacteria are the representative of the reservoir of antibiotic resistance genes present in a community. Merely a few community-based studies on the prevalence of antibiotic resistance in commensal bacteria have been conducted so far in Southeast Asia and other parts of India. Northeastern India is still untapped regarding the surveillance of antibiotic-resistant genes and prevalence in commensal bacteria. In the present work, the prevalence of antibiotic resistance in commensal Escherichia coli was investigated along with the associated demographic factors in pre-school and school going children in rural areas of Sikkim. A total of 550 fecal E. coli isolates were obtained from children of the age 1-14 years living in different villages at various altitudes of Sikkim from July 2015 to June 2017. Standard antibiotic susceptibility testing of these isolates was performed. A structured questionnaire was designed to study the factors associated with carriage of antibiotic resistance in commensal E. coli isolates among children. Descriptive statistics analysis and a logistic regression model were used to identify the effect of external factors on antibiotic resistance pattern. High prevalence of resistance was found against commonly used antibiotics ampicillin (92%), ceftazidime (90%), cefoxitin (88%), streptomycin (40%) and tetracycline (36%) among the samples examined in our present study. No resistance to chloramphenicol was recorded. Fifty-two percent of the isolates were resistant to the combination of penicillin and quinolone group of antibiotics.
Introduction
During the last decade, an alarming worldwide increase in the incidence of communityacquired infections with bacteria resistant to multiple antibiotics of common use has been observed [1] . Use of antibiotics plays a crucial role in the development of antibiotic resistance [2] . All over the world, development of resistance to antibiotics is on the rise amongst pathogenic bacteria [3] . However, to counter the situation, very few new antibiotics have come into use in the last three decades [4] . Rising resistance to antimicrobials in pathogens is a worldwide problem and is particularly serious in developing countries, where alternative antimicrobials are often not available or too expensive [5] . Inappropriate use of antimicrobials is considered to be one of the main factors responsible for the high prevalence of antibiotic resistance in developing countries [5] . Increased antibiotic resistance in pathogens leads to increased mortality and morbidity, enhanced transmission of antibiotic-resistant bacteria and increased health costs [6] .
A large number of commensal bacteria colonize the gastrointestinal tract of mammals [7] . The commensal bacteria reside in the gut without being eliminated, they play an important role in human nutrition and health, by promoting nutrient supply, preventing pathogen colonization, shaping and more importantly maintaining the homeostasis of the intestinal immune system [6] . Use of antibiotics affects the population of commensal bacteria in gut [5] [8] . In community settings, young children tend to be the most exposed to antibiotics and several studies have revealed that younger children have the highest risk of carrying antibiotic resistant commensal bacteria [9] [8] [10] .
Escherichia coli is a member of the Enterobacteriaceae family, the enteric bacteria, which are facultative anaerobic Gram-negative bacteria, commonly found in the intestinal tract of warm-blooded animals including humans [7] . Escherichia coli, a nearubiquitous colonizer of the gastrointestinal tract in children and adults has often been used in studies of the incidence of antibiotic resistance in commensal bacteria [11] . In recent years, the potential role of the commensal microbiota for the emergence and spread of antimicrobial resistance in pathogens has been universally acknowledged [12] . Some species of the commensal microbiota, such as fecal E. coli, have been exploited as sensitive indicators in surveillance and spread of antimicrobial resistance [13] .
India is among the nations with the highest burden of bacterial infections and the crude mortality from the infectious diseases (In India 417 per 100,000 persons dies due to bacterial infections) [14] . In 2010, India was the world's largest consumer of antibiotics for human health with 12.9 x 10 9 units of antibiotic consumption (~10.7 units per person) [2] . Global antibiotic consumption index from 2000 -2010 was high among the BRICS countries i.e., Brazil, Russia, India, China, and South Africa. Of the BRICS countries, 23% of the retail antibiotic sales was attributable to India [15] . Antimicrobial resistance in pathogens is a major public health concern in India. The emergence of antimicrobial resistance is not only limited to the older and more frequently used classes of drugs but there has also been a rapid increase in the emergence of resistance to the newer and more expensive drugs, like carbapenem [14] . Extended-spectrum beta-lactamase (ESBL) producing strains of Enterobacteriaceae have emerged as a big challenge in the 5 hospitalized patients as well as in the community and studies have indicated that 61% of E. coli isolates are ESBL producers [14] .
Limited research has been done with regards to prevalence of antibiotic resistance in E. coli isolates among Indian children [8] [16] [17] . However, none of these studies were done in the north eastern population, hence there is no data suggesting the prevalence of antibiotic resistance in this area. In the few studies conducted, the wide variation has been demonstrated in resistance pattern of E. coli isolates from reportedly healthy children [8] . To evaluate the correlation between increasing antibiotic use and the emergence of antibiotic-resistant pathogens, community-based surveillance could be of great use. The aim of the present study was to investigate the prevalence of antibiotic resistance in commensal E. coli harbored by children in the hills of northeastern Himalayan regions and to identify various demographic factors associated with its carriage or spread in the children.
Materials and Methods

Site and study duration
The selected study area was Sikkim state of India and the study was conducted during [18] . Sikkim has total population 6, 10,577 in which 5, 56,999 (91.22%) belongs to rural areas [19] . In Sikkim, the literacy rate is 81.4%. As compare to females (75.6), males (86.6) are more literate [20] . The land of Sikkim is divided into lower hills (Altitude 270 to 1500 meters), middle hills (Altitude 1500 to 2000 meters) and higher hills (Altitude 6 2000 to 3000 meters) based on the geographical parameter. Sikkim has an Alpine zone (Altitude above 3900 meters with vegetation) and Snowbound Land (Very high mountains without vegetation up to 8580 meters) [18] .
Survey
Sikkim has a total of 451 villages with a population of 4,55,962 as per census 2011 [20] .
The survey was carried out in randomly selected 150 villages of Sikkim at different altitude with a total average population of children was 4500. The study design and the demographic details of respondent were summarized in Fig 1 and population correlation (FPC) factor having 95% confidence interval with frequency of resistant to at least one drug was 50% [21] . Prior to the study, proper consent was taken from the parents/guardians (Supplementary File. S1). The structured questionnaires were used to interview the parents for making the decision about the inclusion of their wards in the study (Supplementary File. S2). They were invited to participate in the study with an assurance, if they found any difficulty regarding the survey, they can withdraw at any stage of the study and their details. 7 During the survey, families were provided with clean, sterile, wide mouth, screw-capped specimen container for stool collection. Parents/guardians were instructed to collect morning stool [19] . All the stool samples were transported to the laboratory in cool condition on ice and processed within 6 hours. Samples were streaked on MacConkey agar (Hi-Media) and Eosin Methylene Blue (EMB) agar (Hi-media) for isolation of E.
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coli. E. coli isolates were confirmed by phenotypic study and standard biochemical tests [19] .
The confirmed E. coli were further subjected to antibiotic susceptibility test by standard Kirby-Bauer disc diffusion method using CLSI guideline (Clinical and Laboratory Standards Institute, 2011) [22] . The antibiotics used in this study were ampicillin (30mcg), amoxicillin (30mcg), ciprofloxacin (5mcg), norfloxacin (10mcg),
ofloxacin (5mcg) and amikacin (30mcg).
A standard culture of E. coli (MTCC 10898) was used as a control with each batch of antimicrobial susceptibility test. The isolates showed resistant to three different groups of antibiotics were designated as multi-drug resistant bacteria. Extended-Spectrum ß-Lactamases test was also performed using ESBL Kit (Hi-Media, Mumbai, India). The Klebsiella pneumoniae (MTCC 9024) was used as positive control for ESBL detection.
Statistical Analysis
Drug susceptibility data and filled questionnaires were collected and entered in XL-STAT. Questionnaires were analyzed as described previously [8] . Briefly, data were analyzed using descriptive statistics, bivariate analysis (cross-tabulation) and frequency. 8 The significant level of p = 0.05 was used. The association between socio-demographic data and health behavior was correlated with the laboratory outcomes of E. coli resistance. The Association between the variables was tested using Chi-Square test. Those variables which approached statistical significance (p < 0.2) were entered into the multivariate logistic regression model. The odds ratio, confidence interval, and correlation between the antibiotic resistance pattern and the demographic structure (cluster analysis) were analyzed using R statistics (ver. 3.4, package = ggplot and epiR). 
Results
The demographic details of the families of 550 children from whom E. coli was isolated are mentioned in Fig 2. The median age of children which included in the study was 8.5
for male and 8 for female. Twenty-six percent (n = 143) of the children had a history of gastrointestinal illness in the last three weeks prior to the survey and they were on antibiotics. Among the 550 E. coli isolates from 550 children, 90% percent (n = 495) of the isolates were resistant to at least one of the commonly used antibiotics (ADR).
However, multidrug resistance (MDR) was found in one-fourth of the isolates (41%, n = 226). Only 3% of isolates (n = 17) were found to be ESBL producers.
The resistance to single antibiotics and the combination of antibiotics (Fig 3 and   Fig 4) with demographic variables showed correlation with the resistance pattern (Fig 5) .
Commensal E. coli from males and females showed a similar pattern of resistance to all antibiotics except Ampicillin. Isolates with resistance to Ampicillin was higher in case of female children (57.14%) as compared to male (35.85%) but it was statistically nonsignificant. Isolates from children living in nuclear families were more resistant to ampicillin (OR 0.18, 95% CI: 0.11 -0.28, p <0.01), ciprofloxacin (OR 0.48, 95% CI: 0.28 -0.80, p <0.01), imipenem (OR 0.28, 95% CI: 0.10 -0.80, p ≤ 0.01), and streptomycin (OR 0.31, 95% CI: 0.20 -0.50, p <0.01), Whereas isolates from children living in joint families had less resistance to above antibiotics. E. coli from mothers having the education up to graduate level were less resistant to cefoxitin (OR 1.69, 95% CI: 1.16 -2.46, p <0.01), ceftazidime (OR 0.75, 95% CI: 0.55 -1.02, p < 0.02), imipenem (OR 3.24, 95% CI: 1.46 -7.17, p < 0.01), and tetracycline (OR 1.75, 95% CI: 11 1.12 -2.74, p <0.01). Paternal education was not associated with the resistant pattern of E. coli isolates from children. isolates. The first group was formed by the E. coli isolates of male and female children.
Though they showed high resistance pattern, it was statistically not significant (Fig 5) defining the AR in commensal E. coli is gender independent (Group. 1; Fig. 6) . Isolated E. coli from the children living in nuclear families having prior exposure to antibiotics and children of a mother who are school dropout showed highest resistance pattern (Fig   5) formed the second group (Group 2; Fig 6) . The third group was formed by the children from the mothers who are graduates, without any prior antibiotic consumption before the study (last three weeks) and children living in a joint family (Group 3; Fig 6) .
The third group was the carrier of least resistant E. coli (Fig 6) . Therefore, analysis of 13 cluster pattern showed a clear demographic association of AR in E. coli isolates.
Antibiotic resistance pattern is independent of the gender of the children while they are highly dependent on the mother's education and family type. Mother with higher education (graduate) and children living in the joint family are less like to carry resistant E. coli than those children living in nuclear families and mother having education till schooling level. 
Discussion
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This is the first community-based study of its own to explore the prevalence of antibioticresistant commensal Escherichia coli in the children of rural areas of Sikkim as an indication or indicator of the emergence of antibiotic resistance. Antibiotic resistance (AR) has become one of the world's most pressing public health problems of this era.
Unnecessary use of antibiotics without prescription for treatment of common bacterial infection is considered as one of the leading causes of the emergence of antibiotic resistance in common pathogens in children and adults. The AR can create easily treatable illness to become dangerous infections leading to prolonged sufferings. It can spread to the family members, peer groups and community through different means.
Shared distribution of Escherichia coli in the lower abdomen of human and susceptible nature to all the frequently used antibiotics makes it a good indicator bacterium to study the emergence of antibiotic resistance. The current study was designed to assess the prevalence and distribution of antibiotic resistance in E. coli isolated from the stool samples of the healthy children of Sikkim. The results were correspondingly correlated with demographic data to observe the effect of community structure on antibiotic resistance pattern of commensal E. coli.
Antibiotic Resistant Patterns in Children in Sikkim
In this study, 90% of the isolated E. coli from the healthy children showed ADR property i.e. resistant to at least one antibiotic. This result is much higher than previously reported rates as observed in E. coli isolates from Central (72%), Eastern (38-68%) and Southern (63%) India [8] [23] [17] . A similar result was observed in the study conducted in Greece 1998 which reported that 40% of healthy children carried at least one antibiotic-resistant E. coli [23] . The study showed that bacteria carried by healthy children have commensal E. coli with higher resistance to the first generation of antibiotics (common antibiotics) like ampicillin (92%), streptomycin (40%), and tetracycline (36%). Correlative results were also reported in Peru and Bolivia where higher resistance was observed against common antibiotics (95%) [13] . One of the interesting results observed during the study was that as in Peru and Bolivia, high resistance against chloramphenicol (70%) was observed, while in Sikkim, chloramphenicol resistance was not found [13] . The probable reason behind the chloramphenicol susceptible isolates may be ascertained as less consumption of chloramphenicol because this antibiotic is used for diseases like typhoid, Cholera as well as Conjunctivitis which is less prevalent in Sikkim. The possible reason behind the development of resistance to the common antibiotics could be the frequent use or misuse of the antibiotics due to easy availability and affordability [8] .
In Sikkim, 41% of the isolated E. coli showed MDR which is much higher than MDR reported from the eastern region of India. In the eastern region of India, Odisha had recorded 24% incidence of MDR E. coli, while in the middle part of India, Ujjain (Largest city of Madhya Pradesh) had recorded 33% of MDR E. coli isolates [8] [23] .
Southern India had recorded significantly higher percentage of commensal MDR E. coli (42%) than the eastern and middle India, but reciprocal to Sikkim (41%) [16] . The increased resistance pattern indicates the emergence of the resistant gene pool in commensal E. coli in India. This resistant pattern is a matter of concern as it is directly correlated with the health index of children of the community.
Demographic factors affecting the resistance pattern
Demographic structure of a community is generally held as a key factor for emergence and outbreak of antibiotic resistance in bacteria. Children's age, sex, parental education, socioeconomic status, family type and frequency of antibiotics taken are some of the important demographic parameters which were considered in the current study. During the study, we did not find any indication of the effect of age on the antibiotic resistance [13] . There are only a few available reports about the effect of children's gender in the prevalence of antibiotic resistance. Some of the earlier studies reported that male children harbor more antibiotic resistant E. coli isolates in comparison to female child [23] [13] [5] , whereas some other researchers found the opposites [10] [8] Similar to the earlier findings we have also recorded the antibiotic resistance pattern among the isolates is independent of children's gender. Statistically, the resistance pattern was found non-significant among the isolates from male and female children's.
Maternal education as a demographic factor plays an important role in the development of antibiotic resistance in a community [24] [8] . In this study, it was found that children with graduate mothers are less prone to carry resistant commensal E. coli than the mother having elementary schooling (Fig 5) . Most of the antibiotics resistance was found for the antibiotics like cefoxitin (OR 1.69, 95% CI: 1.16 -2.46, p <0.01), ceftazidime (OR 0.75, 95% CI: 0.55 -1.02, p < 0.02), imipenem (OR 3.24, 95% CI: 1.46 -7.17, p < 0.01) and tetracycline (OR 1.75, 95% CI: 1.12 -2.74, p <0.01). Some of the earlier studies also reported the association between maternal education and increase of antibiotic resistance [8] [25] [26] [27] . The reason could be the mothers with higher education are less likely to give antibiotics to their children without proper prescription as compared to a mother with lower education. Similarly, the children living in the joint family were found to be less prone to carrying the resistant isolates of E. coli as compared to the nuclear families. As for a reason, it could be due to the proper medical guidance of the elderly of the families in antibiotic consumption which is not possible in nuclear families where the parents are much busy with their chores and duties.
Geographically, the land of Sikkim host mountain ranges with varied altitude (350 -8500m). In this study, the data showed that distance between market and villages and altitude of a village play an important role in the development of antibiotic resistance.
The villages nearer to the market area or town area are prone to carrying more resistance E. coli compared to villages with greater distances. Similar patterns were also followed by the altitude of the village where people have easy excess to the pharmacy for antibiotics. A study carried out by Shakya et al., (2013) showed that private pharmacies in Ujjain district were placed along with the main roads and those people living nearby with easy reach to these pharmacies to get antibiotics showed more antibiotic resistant E. coli isolates [8] . Besides above stated contributory factors, environmental factors were also supposed to play an important role in the variation of the incidence rates of antibiotic resistant E. coli isolates between villages. In the rural areas of Sikkim, water is supplied directly from spring (surface water) to community outlets without any treatment. There is no centralized water supply system. So, exposure to the environmental contaminants may create variation in the water supply from village to village. The human effluent and agricultural runoff along with resistant bacteria act as contaminants and serves for development of antibiotic resistance in commensal bacteria [28] [3] . The current study only considered the antibiotic resistance pattern displayed by commensal E. coli in the rural communities of hills. This study only focuses on the resistant pattern among commensal E. coli in the rural communities. Though a large number of antibiotics were used in this study to detect the resistant pattern, we only used one isolate from each child.
So, there exists a chance that some resistance isolates might have been missed out and the true resistance rate might be an underestimate of the problem.
Conclusion
The current study identified a high prevalence of antibiotic-resistant commensal E. coli in children of rural areas of Sikkim, North Eastern India. The resistance pattern was studied for individual antibiotics and also for the combination of two to three classes of antibiotics. There was a significant correlation between the prevalence of antibiotic resistance commensal E. coli in the children and the demographic factors like mother's education, family type, access and use of antibiotics. However, the prevalence of antibiotic resistance in E. coli isolates was found to be independent of child's gender. A significantly high number of ADR and MDR isolates suggests an early need for the commitment to ensure the rational use of antibiotics as much as possible. This is the first report from hills of the eastern Himalayan region regarding resistance profile of gut E. coli from children. It warrants the future threat and suggests immediate counteractive measurements including educating the community about the proper uses of antibiotics and different hygiene protocols to tackle the future problem.
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